As with streptomycin and P.A.S., the introduction of isoniazid for the treatment of tuberculosis has raised the problem of the development of resistance to the drug in strains of tubercle bacilli recovered from treated patients. In the Medical Research Council (1952) trials 71% of cultures from patients who had received three months' treatment with isoniazid alone were found to be resistant. Although combined treatment with isoniazid and streptomycin may markedly reduce this high incidence of resistant strains, it will still be essential to measure the sensitivity of tubercle bacilli recovered from patients before, during, and after treatment.
A number of methods have been used for determining the sensitivity of tubercle bacilli to streptomycin and other chemotherapeutic agents. These can be classified as (1) the direct test, when the sputum concentrate is placed directly on to a series of solid medium slopes containing a range of drug concentrations; (2) the indirect test, when a suspension of a primary culture on drug-free medium is inoculated on to a similar series of solid or fluid media containing a range of drug concentrations; and (3) the subculture test, when the strain is subcultured into liquid medium, usually Dubos Tween-albuimin medium, and then the resulting growth is inoculated into tubes of the same medium containing a range of drug concen- trations. This last method has been recommended by the Medical Research Council (1948) 
Methods
Strains.-Isoniazid-resistant strains of tubercle bacilli were obtained from patients in the Medical Research Council (1952) trials. Sputum from these patients was cultured on isoniazid-free egg medium slopes. The primary cultures obtained were used in this investigation either immediately after an isoniazid sensitivity test on solid medium had been read or immediately after the culture had become positive. In the latter case the strains were known to be probably resistant because of previous tests on strains from the same patient.
Sensitivity Tests.-The solid medium test has been described previously (Medical Research Council, 1952; Barnett, Bushby, and Mitchison, 1953) . Loopfuls of a bacillary suspension from the growth either on solid or in liquid medium were inoculated on to slopes of Lowenstein medium containing isoniazid in concentrations of 0, 0.2, 1, 5, 10, and 50 Mg. per ml.
In a few cases slopes containing 200 and 500 ,lg. per ml. were also used. The degree of growth was read after 14 and 28 days' incubation. (The 28-day reading will be referred to except where otherwise indicated.) Cultures were counted as having grown where 20 or more colonies appeared. Dubos Tween-albumin medium was used in liquid medium sensitivity tests as previously described (Barnett et al., 1953) . Tubes of this medium, referred to as Dubos medium, contained a range of isoniazid concentrations increasing by twofold steps from 0.012 to 100 jug. per ml. together with a drug-free control tube. The same medium without Tween was also used. Tests were read after 7, 10, 14, 21, and 28 days' incubation.
The isoniazid-sensitive strain H37Rv was always set up under identical conditions with any batch of resistant strains. (Barnett et al., 1953 Table I ). In one strain (Table I, strain 11) whose results are given in detail in Table II there is evidence that the strain was initially composed of a mixture of resistant and sensitive organisms. After 14 days' incubation the resistant organisms had apparently died and were replaced at 28 days by a growth of sensitive organisms. The test on the subculture, on the other hand, showed that this population still contained resistant organisms. In another strain (Table I , strain 5), the original tests indicated that the majority of the population was inhibited by 5 jug. per ml., while there was a considerable fraction of highly resistant organisms yielding, with the undiluted inoculum, innumerable colonies or 20 to 100 colonies on slopes containing 5, 10, and 50
Results
,ug. per ml. This highly resistant fraction did not appear in subsequent tests, although the amount of growth on the control tubes indicated that there had been no marked fall in the number of viable organisms in the inocula. Here again it would appear that a proportion of the strain had lost its viability during incubation. There also seemed to be an irregular but definite decrease in resistance after subculture, the average degree of resistance being 19.9 Mg. per ml. before subculture and 4.6 Mug. per ml. after subculture. This occurred in strains with all degrees of resistance and again did not appear to be due to a decrease in the inoculum. One must conclude that some of the resistant portions of the populations did not survive the subculture.
Discussion
In Experiment 1 the Lowenstein medium tests carried out before and after subculture showed that there had been a large and irregular fall in the degree of resistance of the strains tested. The alteration in the bacterial population that must have occurred took place during one subculture on Lowenstein medium and two in Dubos medium.
The results of simultaneous tests in Lowenstein and in Dubos medium carried out in Experiments 1 and 2 provide some information as to the nature of this change. In both experiments the average concentrations that inhibited growth were lower in Dubos than in Lowenstein medium. This may, perhaps, have been due to binding or destruction of the isoniazid in the Lowenstein medium but was not due to the presence of Tween in the Dubos medium (Fig. 2) . However, in Experiment 2 (Fig. 3) , where the inoculum had been grown on Lowenstein slopes, the strains inhibited by any one concentration in Lowenstein medium were inhibited by a very wide range of concentrations in Dubos medium. This seemed to be due mainly to some of the more resistant components of strains which were able to grow on 10 there was a reasonably good correlation between the results carried out simultaneously by these two methods in Experiment 1. In this experiment the inoculum had been grown in Dubos medium. It must, however, be admitted that only three strains containing these highly resistant components were tested.
Thus it seems that resistant strains sometimes failed to grow in Dubos medium when the inoculum had been grown on Lowenstein medium, whereas they grew more uniformly when the inoculum had been taken from subcultures in Dubos medium. This suggests that the strains had become adapted to Dubos medium during subculture in it. That such an adaptation occurs was also indicated by previous work (Barnett et al., 1953) in which variants of H37Rv, while being made resistant by passages in Dubos medium containing isoniazid, were found to have poor viability during their first few passages, but not subsequently. Fisher (1952) (Knox, King, and Woodroffe, 1952; Mitchison, 1952 
